


















$i \partial_{t}u+\frac{1}{2}\Delta u=\lambda|u|^{2/n}u$ , $(t, x)\in(O, \infty)\cross \mathbb{R}^{n}$ , (1.1)
$u(0, x)=u_{0}(x)$ , $x\in \mathbb{R}^{n}$ (1.2)
. , $n$ $n=1,2$
3, $\partial_{t}=\partial/\partial t,$ $\Delta=\sum_{j=1}^{n}\partial^{2}/\partial x_{j}^{2},$ $\lambda$
${\rm Im}\lambda<0$ (1.3)
, $u_{0}=u_{0}(x)$ $\mathbb{R}^{n}$
, $u=u(t, x)$ $[0, \infty$ ) $\cross \mathbb{R}^{n}$ .
(1.1) $\lambda|u|^{2/n}u$ , $tarrow\infty$
( ) $1+2/n$ . ( $p-1u$ ,
$p>1+2/n$ , $1<p\leq 1+2/n$
) ,
, (1.1) $tarrow\infty$ Schr\"od
$\cdot$ ger
$i \partial_{t}v+\frac{1}{2}\triangle v=0$ , $(t, x)\in \mathbb{R}\cross \mathbb{R}^{n}$ (1.4)
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( ) . ( ,
Barab [1] ) $\lambda$ , (1.1)




( ) . (
, , Carles [2], Ginibre-Velo [4], Hayashi-Naumkin [6],
Lindblad-Soffer [7] )
$\lambda$ (1.3) , $\lambda|u|^{2/n}u$






, llu(t)ll . ( , $\langle\cdot, \cdot\rangle$ $L^{2}$
) , $\lambda$ , $\Vert u(t)\Vert_{L_{x}^{2}}$ .
, (1.3) ( $\lambda$ )
$\lambda|u|^{2/n}u$ (1.1) . ,
(1.1) ,
.
. $\psi\in S’$ , $\psi$
Fourier $\hat{\psi}$ $\mathcal{F}\psi$ . $\psi\in L^{1}(\mathbb{R}^{n})$ , $\hat{\psi}$
:
$\hat{\psi}(\xi)=\frac{1}{(2\pi)^{n/2}}\int_{\mathbb{R}^{n}}\psi(x)e^{-ix\cdot\xi}dx$ .
$m,$ $s\in \mathbb{R}$ , Sobolev $H^{m,s}$ :




. ( , $H^{k}$ $L^{2}$ $k$ Sobolev )
$t$ ,
$U(t)\equiv e^{it\Delta/2}=\mathcal{F}^{-1}e^{-it|\xi|^{2}/2}\mathcal{F}$
. $v(O, x)=\phi(x)$ Schr\"odinger (1.4)
, $v(t, x)=(U(t)\phi)(x)$ . $U(t)$
:
$U(t)=M(t)D(t)\mathcal{F}M(t)$ , $t\neq 0$ . (15)
, $M(t)$ $D(t)$
$(M(t)\psi)(x)=e^{i|x|^{2}/2t}\psi(x)$ , $(D(t) \psi)(x)=\frac{1}{(it)^{n/2}}\psi(\frac{x}{t})$
. :
$\Vert U(t)\phi\Vert_{L_{x}^{2}(\mathbb{R}^{n})}=\Vert\phi\Vert_{L_{x}^{2}(R^{n})}$ , (1.6)




2.1 ([9]). $n$ $n\leq 3$ , $\lambda$ (1.3)
. $m$ $n/2<m<1+2/n$ , $\delta$ $0<$
$(1+2/n)\delta<(1/2)(m-n/2)$ . , $0<\epsilon_{0}\leq 1$




$u\in C([0, \infty);H^{m})$ , $U(-t)u\in C([0, \infty);H^{0,m})$ ,
$||u(t)\Vert_{H^{m}}+\Vert U(-t)u(t)\Vert_{H^{0,m}}\leq N\epsilon(1+t)^{\delta}$ ,
$\Vert \mathcal{F}U(-t)u(t)\Vert_{L_{x}^{\infty}}\leq N\epsilon$ .




2.1 ([9]). 2.1 . $\Vert u_{0}\Vert_{H^{m}\cap H^{0,m}}\leq$
$\epsilon_{0}$ , $u$ 2.1 , $(1.1)-(1.2)$
. , $\epsilon_{0}$ 2.1 . , $0<\epsilon_{1}\leq\epsilon_{0}$
$\epsilon_{1}$ , . $\Vert u_{0}\Vert_{H^{m}\cap H^{0,m}}\leq\epsilon_{1}$ ,
$w+\in L_{x}^{2}\cap L_{x}^{\infty}$ , :
$\Vert$ exp $(i \lambda\int_{1}^{t}s^{-1}|\hat{u}(s)|^{2/n}ds)\mathcal{F}U(-t)u(t)-w+\Vert_{L_{x}^{2}\cap L_{x}^{\infty}}\leq C\epsilon t^{-\beta}$ .
, $\epsilon=\Vert u_{0}\Vert_{H^{m}\cap H^{0,m}}$ , $\beta$ $n,$ $m$ $\delta$ $0<\beta<1/2$
.
, 2.1 exp $(i \lambda\int_{1}^{t}s^{-1}|\hat{u}(s)|^{2/n}d_{S})$
, $u$ .
2.2 ([9]). 2.1 . $\Vert u_{0}\Vert_{H^{m}\cap H^{0,m}}\leq$
$\epsilon_{1}$ , $u$ 2.1 , $(1.1)-(1.2)$
. , $\epsilon_{1}$ 2.1 . $w_{+}\in L^{2}\cap L^{\infty}$ 2.1
. , $0<\epsilon_{2}\leq\epsilon_{1}$ $\epsilon_{2}$ ,
$||u_{0}\Vert_{H^{m}\cap H^{0,m}}\leq\epsilon_{2}$ .
$\bullet$ $\psi_{+}\in L^{\infty}$ ,
$\Vert\exp(|\lambda_{2}|\int_{1}^{t}s^{-1}|\hat{u}(s)|^{2/n}ds)-(K(t)+\psi_{+})^{n/2}\Vert_{L_{x}}\infty$
$=O(t^{-k_{1}})$ (2.1)
. , $k_{1}>0$ $n,$ $m,$ $\delta$ ,
$K(t,x)=1+ \frac{2|\lambda_{2}|}{n}|w_{+}(x)|^{2/n}$ log $t$
. , $\Vert\psi_{+}\Vert_{L}\infty\leq 1/2$ .
$\bullet$ $\phi+\in L^{\infty}$ ,
$\Vert$exp $(i \lambda_{1}\int_{1}^{t}s^{-1}|\hat{u}(s)|^{2/n}ds)-e^{iS(t)+i\phi+}\Vert_{L_{x}^{\infty}}=O(t^{-k_{2}})$ (2.2)
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, $\kappa>0$ $n,$ $m,$ $\delta$ .
$\bullet$ :
$tarrow\infty\Vert u(t)\Vert_{L_{x}^{2}}=0$, (2.4)
$\Vert u(t)\Vert_{L_{x}^{\infty}}=O$ ( ( $t$ log $t$) ). (2.5)
2.1. $w+\in L^{2}\cap L^{\infty},$ $\psi_{+}\in L^{\infty}$ $\phi+\in L^{\infty}$ 2.1 22
,
$u_{+}= \mathcal{F}^{-1}\{\frac{w_{+}e^{-i\phi+}}{(1+\psi_{+})^{n/2}}\}$
. , $\hat{u}+\in L^{2}\cap L^{\infty}$ , (2.3)
:
$\Vert \mathcal{F}U(-t)u(t)-e^{-i\tilde{S}(t,\cdot)}\overline{A}(t, \cdot)^{-n/2}\hat{u}+\Vert_{L_{x}^{2}\cap L_{x}^{\infty}}=O(t^{-\kappa})$ . (26)
,
$\tilde{S}(t,\xi)=\frac{n\lambda_{1}}{2|\lambda_{2}|}\log(1+\frac{2|\lambda_{2}|}{n}|\hat{u}_{+}(\xi)|^{2/n}$ log $t)$ ,
$\tilde{A}(t,\xi)=1+\frac{2|\lambda_{2}|}{n}|\hat{u}_{+}(\xi)|^{2/n}$ log $t$
. (2.6) , , $L^{2}$ ,
II $u(t)- U(t)e^{-i\tilde{S}(t,- i\nabla)}\overline{A}(t,- i\nabla)^{-n/2}u_{+}$ ]$\Vert]_{L_{x}^{2}}=O(t^{-\kappa})$
.
2.2. (16)$-(17)$ $(2.4)-(2.5)$ , $\lambda$ (1.3)
, (1.1) $u$ .
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3
, 2.1 22 .
. , [9]
.
, 2.1 , $(1.1)-(1.2)$ ,
( ) .
2.1 .
2.1 . (1.1) FU(- ,
$i\partial_{t}\mathcal{F}U(-t)u=\lambda \mathcal{F}U(-t)(|u|^{2/n}u)$
, $U(\cdot)$ (1.5) ,
$i \partial_{t}\mathcal{F}U(-t)u=\frac{\lambda}{t}|\mathcal{F}U(-t)u|^{\frac{2}{n}}\mathcal{F}U(-t)u+R$ (3.1)
$\Vert R(t)\Vert_{L_{x}^{2}\cap L_{x}}\infty\leq C\epsilon t^{-1-k}$ (3.2)
. ,
$R= \lambda \mathcal{F}U(-t)(|u|^{2/n}u)-\frac{\lambda}{t}|\mathcal{F}U(-t)u|^{2/n}\mathcal{F}U(-t)u$






. ( , $|\mathcal{F}U(-t)u(t)|=|\hat{u}(t)|$ ) (3.1) ,
$i\partial_{t}w=e^{i\Phi+\Psi}R$ . (3.3)
38
. $\{w(t)\}$ $tarrow\infty$ $L^{2}\cap L^{\infty}$ Cauchy





$\leq\exp$ ( $C’\epsilon^{2/n}$ log $\tau$) $=\tau^{C’\epsilon^{2}}\mathfrak{n}$
. (3.2) , $\epsilon=\Vert u_{0}\Vert_{H^{m}\cap H^{0,m}}$
,




. , $\{w(t)\}$ $L^{2}\cap L^{\infty}$ Cauchy ,
$L^{2}\cap L^{\infty}$ $w_{+} \equiv\lim_{tarrow\infty}w(t)$ . (3.4)
, 2.1 .
, 22 .






. $\{e "\Psi(t)-K(t)\}_{t\geq 1}$ $tarrow\infty$ $L^{\infty}$ Cauchy










. , $\{e^{\frac{2}{n}\Psi(t)}-K(t)\}_{t\geq 1}$ $tarrow\infty$ $L^{\infty}$
Cauchy , $\psi+\in L^{\infty}$ ,
$\Vert e^{\frac{2}{n}\Psi(t)}-K(t)-\psi_{+}\Vert_{L_{x}^{\infty}}\leq C\epsilon^{l}t^{-k’}$







. , $\epsilon>0$ , $||\psi$ $L_{x}\infty\leq 1/2$ .
, $e^{i\Phi(t)}$ (2.2) . , $\Phi$ $w$ $\Psi$
$\Phi(t)=\lambda_{1}\int_{1}^{t}\frac{1}{s}|w(s)|^{\frac{2}{n}}e^{-\frac{2}{\mathfrak{n}}\Psi(s)}ds$
. (2.1) , 2.1
(2.1) , $\{\Phi(t)-S(t)\}_{t\geq 1}$ $tarrow\infty$ $L^{\infty}$ Cauchy
40
, , $\emptyset+\in L^{\infty}$ , $k”>0$
,
$\Vert\Phi(t)-S(t)-\phi_{+}\Vert_{L_{x}}\infty\leq Ct^{-k’’}$
. , (2.2) .
(2.3) , 2.1 (2.1) (2.2) .
, (2.4) (2.5) . 2.1
, (2.3) , (2.6) . Lebesgue ,





$arrow 0$ , $(tarrow\infty)$
. , (2.4) . $U(\cdot)$ (1.5)
, $\gamma>0$ ,
$\Vert u(t)\Vert_{L_{x}}\infty\leq Ct^{-n/2}\Vert \mathcal{F}U(-t)u(t)\Vert_{L_{x}^{\infty}}+Ct^{-n/2-\gamma}$
$\leq Ct^{-n/2}\Vert \mathcal{F}U(-t)u(t)-e^{-i\tilde{S}(t,\cdot)}\tilde{A}(t, \cdot)^{-n/2}\hat{u}_{+}\Vert_{L_{x}}\infty$
$+Ct^{-n/2}\Vert e^{-iS(t,\cdot)}\tilde{A}(t, \cdot)^{-n/2}\hat{u}_{+}\Vert_{L_{x}}\sim\infty+Ct^{-n/2-\gamma}$
.
$\Vert e^{-i\tilde{S}(t,\cdot)}\tilde{A}(t, \cdot)^{-n/2}\hat{u}_{+}\Vert_{L_{x}^{\infty}}=\Vert\tilde{A}(t, \cdot)^{-n/2}\hat{u}_{+}\Vert_{L_{x}^{\infty}}\leq C(\log t)^{-n/2}$
, (2.5) .
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